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ABSTRACT 
Flaxseed is an excellent source of both soluble and insoluble dietary fiber. The presence of 
mucilage stored in the seed’s outer layers gives flaxseed unique characteristics compared to most 
other oilseeds. Based on currents studies, flaxseed gum (FG) contributes many health benefits and 
potential functional properties. For example, it provides water-holding capacity, mitigates obesity, 
and inhibits Hepatitis B virus. 
This study investigated FG utility as a commercial oral rehydration solution with acceptable 
physicochemical and sensory characteristics. The extraction yield of three flaxseed cultivars at 60 
and 80°C were determined. The pH, colour, neutral sugar, and viscosity were analyzed on two FG 
concentration (0.50% and 1.00%) of three different flax cultivars (CDC Bethune, CDC Glas, and 
CDC Sorrel). The sensory study was conducted with 12 semi-trained participants to evaluate FG 
beverage for the attributes of colour desirability, odour/smell, texture/mouth feel, taste/flavour 
intensity, after-taste intensity, and overall product acceptability. 
The yield of solids was greatest for CDC Glas extracted at 80°C followed by CDC Bethune 
extracted at the same temperature. Flaxseed cultivar, FG concentration, and gum extraction 
temperature affected the physicochemical properties of the beverage product. All formulated 
solutions had circum-neutral pH, with the lowest pH measure in solutions made from 1.00% FG 
beverage extracted from CDC Glas. This is similar to conventional oral rehydration solution. FG 
beverage made with CDC Bethune (80°C) had lowest optical density value and, therefore, had the 
best appearance. FG beverage prepared with CDC Bethune (80°C) contained the highest neutral 
sugar content. All formulated solutions demonstrated shear thinning rheology properties similar to 
conventional oral rehydration solutions. Taken together, the physicochemical properties suggest 
that FG beverage made with 60°C CDC Bethune and 80°C CDC Glas may be the better choices 
for superior appearance, mouthfeel and health benefits. 
The sensory study suggested that FG beverage made with FG extracted from CDC Glas at 
80C (1.00% w/v) was the most popular formulation. This formulation exhibited a desirable 
appearance and least taste and after-taste intensities amongst all the FG beverage formulations and 
had acceptable odour and texture attributes. The addition of orange flavour compound significantly 
lowered the flavour intensity of the FG beverage. 
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In conclusion, the FG beverage can exhibit desirable physicochemical and sensory evaluation 
results, as well as satisfactory product acceptability. Future studies will focus on product 
consistency, shelf stability, and antiviral oral rehydration solutions with added FG. 
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1. INTRODUCTION 
1.1.  Overview 
Flax (Linum usitatissimum), a traditional crop plant, is widely grown in North America, 
Europe, and Asia (Kajla, Sharma, and Sood 2015). It is the third largest oilseed crop in Canada 
after canola and soybean. In addition to production for industrial oil and fiber, flax is also 
cultivated for nutritional products. The main classes of bioactive components in flax include 
essential fatty acids (alpha linolenic acid; ALA), good quality protein, lignans, and soluble dietary 
fiber (Goyal et al. 2014; Berglund 2002). Together these compounds are important to the demand 
for flax and flaxseed products in functional foods (Kajla, Sharma, and Sood 2015). 
Flaxseed is an excellent source of both soluble and insoluble dietary fiber. The presence of 
mucilage in the seed’s outer layers gives flaxseed unique characteristics compared to most other 
oilseeds. Flaxseed gum (FG) consists of acidic and neutral polysaccharides. Based on current 
studies, FG contributes many health benefits and potential functional properties. For example, it 
provides water-holding capacity, mitigates obesity, and inhibits Hepatitis B Virus (Wang et al. 
2017). However, FG isolates have not been widely utilized due to limited information regarding 
their structures, and knowledge of their immunomodulatory activity, anti-viral activity, and effects 
on organoleptic properties (Wang et al. 2017). Therefore, the current study investigated FG utility 
as a bioactive ingredient for beverages that had acceptable sensory characteristics that would help 
with consumer acceptance. The appearance, aroma, texture, and taste intensity of FG were also 
investigated to optimize both the sensory characteristics and acceptance of FG beverage. Also, the 
physicochemical properties of FG product were analyzed. 
 
1.2. Hypothesis 
Based on conventional products of oral rehydration solutions, FG beverage solution can be 
formulated to give satisfactory physicochemical properties and sensory characteristics. 
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1.3.  Objectives 
• To formulate an oral rehydration solution with flaxseed gum (FG) based on the conventional 
oral rehydration products on the market. 
• To investigate the physicochemical and sensory properties of a formulated FG beverage. 
• To optimize the formulation according to the physicochemical properties and sensory 
characteristics and the addition of a flavour compound. 
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2. LITERATURE REVIEW 
The global challenges of rising obesity, diabetes, and other health concerns have continually 
increased consumers’ interests in healthy foods. Functional beverage, positioned between 
nutraceuticals and foods, is a tool for delivering high quality food elements to the consumer with 
additional health, nutritional, and well-being benefits (Haase 2010; Paquin 2009;). Oral 
rehydration solution has an established market sector as functional drinks through sales of oral 
rehydration solution fortified with electrolytes. 
Polysaccharide gums have widespread use in food applications due to their ability to form 
gels in water or to induce viscosity in aqueous solution or to stabilize emulsions (Mirhosseini and 
Amid 2012; Glicksman 1963). Among all the polysaccharides gum, FG solution exhibits different 
chemical structure, which may offer FG a broad range of application in functional beverage, 
specifically with oral rehydration solution. 
2.1. Flaxseed 
Flax (Linum usitatissimum) was originally from Mesopotamia, and has been planted for over 
5000 years, although it was principally used for textile fibres as cloths and paper (Carraro et al. 
2012), while animal feed was the main utilization for flaxseed oil and its sub-products. Human 
consumption has steadily increased in the last two decades throughout the world (Cardello, Schutz, 
and Lesher 2007). Today, flax is cultivated in more than 50 countries with production of about 
2,930,000 tonnes (FAO Production Year Book 2016). Flaxseed is widely grown in North America, 
Europe, and Asia (Kajla, Sharma, and Sood 2015). Canada is the world’s largest producer with 
total production of 94,000 tonnes in 2015-2016 (Zienkiewicz 2017), which accounts for 33% of 
the global total. Canada is also the largest exporter of flaxseed (Oomah 2001). About 80% of 
globally traded flaxseed is produced in Canada with annual exports valued at CAN$ 150 - 180 
million (Saskatchewan Flax Development Commission 2018). It is the third largest oilseed crop 
in Canada after canola and soybean. Most Canadian flaxseed is grown in the three prairie provinces
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of western Canada, especially in southern Manitoba, Saskatchewan, and Alberta (Canadian Food 
Inspection Agency 2018). The flaxseed grown in Western Canada is planted for the export market 
as flax oil, flaxseed meal, and flax fiber (“Saskatchewan Flax Development Commission - 
Varieties” n.d.). Saskatchewan has been the largest producing province in Canada since 1993 - 
1994 (Saskatchewan Flax Development Commission 2018). In 2017, Saskatchewan seeded 
364,200 hectares of flax, producing 447,600 tonnes of flaxseed, which accounted for 82% of 
flaxseed production in Canada. Now, Saskatchewan is a quality and quantity world-leading 
producer of oilseed flax. About 25% of the global flaxseed supply is produced in Saskatchewan 
alone (“Flax FAQs - CDC Flax - College of Agriculture and Bioresources - University of 
Saskatchewan” n.d.). As most of Saskatchewan’s flaxseed is exported, the value has become an 
important enhancement to the Province’s economy (“CDC Flax Breeding Program - CDC Flax - 
College of Agriculture and Bioresources - University of Saskatchewan” n.d.). 
Flaxseed is flat and oval with a pointed tip and smooth glossy surface. The flaxseed composed 
of an embryo (or germ), a thin layer of endosperm, and two cotyledons encased in a seed coat (or 
hull) (Daun et al. 2003) (Fig. 2.1). The size of commercially cultivated flaxseed is slightly larger 
than sesame seed, though dimensions vary among cultivars. The typical length is 3.0 - 6.4 mm, 
width 1.8 - 3.4 mm, and thickness 0.5 - 1.6 mm (Coşkuner and Karababa 2007). Flaxseed colour 
ranges from golden yellow to reddish-brown and is determined by the amount of seed coat pigment. 
The seed weight is about 5 ± 1g/10000 (Daun et al. 2003). Flaxseed has a crisp and chewy texture 
and a pleasant, nutty taste (Morris 2007). 
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Figure 2.1 Flaxseed morphology. (A) Longitudinal section; (B) Cross-section of linseed; 
Abbreviations: (A) em, embryo; sc, seed coat; sl, seed leaves/cotyledons; en, endosperm; epc, 
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epicotyl; hy, hypocotyl; ra, radicle; (B) muc, mucilage cell; ep, epidermis; pl, parenchymatous; sl, 
sclerite layer; ml, membraniform layer; bl, brown layer; en, endosperm. Figures taken from (Zuk 
et al. 2015). 
 
The total oil content in flaxseed is reported to be 30 - 40% (Kajla, Sharma, and Sood 2015). 
Up to 90% of which is poly-unsaturated fatty acid triglycerides (Ziolkovska 2012; Dorrell 1970).  
The high proportion of linolenic acid (>50%) in flaxseed oil provides drying properties, which is 
desirable for paint fabrication, varnishes, and linoleum flooring coverings (Flax council 2015). 
The oil is mainly stored in the endosperm of flaxseed while only relatively small amount of lipid 
is contained in the hull (Dorrell 1970). The traditional way to obtain flaxseed oil is though cold 
pressing or extraction from crushed seed, but the usage of dehulled flaxseed would offer 
advantages in flaxseed oil production (Zheng et al. 2003). The other way to increase the quality 
and yield of flaxseed oil is to remove the polysaccharides in the flaxseed before oil extraction, 
which will decrease the fiber content in the meal (Ziolkovska 2012). 
The total protein in flaxseed constitutes 20 - 25% (Kajla, Sharma, and Sood 2015), with about 
20% present as albumins (1.6S and 2S) and 80% as legumin-like proteins (11S and 12S) (Sammour 
1999). Generally, the amino acid profile of flaxseed is comparable with soy, both of which are 
high in aspartic acid, glutamic acid, leucine, and arginine. The flaxseed proteins are structurally 
more lipophilic than soybean proteins (Oomah and Mazza 1993). 
The total carbohydrate accounts for 20 - 28% (Kajla, Sharma, and Sood 2015), and can be 
classified into two groups, digestible carbohydrates and dietary fiber. Digestible carbohydrates can 
be digested by human enzymes and generally include simple sugars and starch. This part is only a 
very small percentage of flaxseed, and likely to be less than 1 - 2% (Vaisey-Genser and Morris 
1997; Bhatty and Cherdkiatgumchai 1990). Most of the carbohydrate content exists as dietary fiber 
resistant to the action of human digestive enzymes. Flaxseed is unique from other whole grains 
because it is an excellent source of both soluble and insoluble dietary fiber (Mirhosseini and Amid 
2012). The ratio of soluble to insoluble fibers ranges from 20:80 to 40:60 depending on the 
extraction method and chemical analysis used (Vaisey-Genser and Morris 1997; Hadley, Lacher, 
and Mitchell-Fetch 1992). 
 7 
Minor components, for example, minerals, water soluble vitamins, phenolics, and lignans, are 
also found in flaxseed (Daun et al. 2003). Flaxseed properties are significantly affected by both 
genotype and environmental conditions during plant growth (Kaewmanee et al. 2014). 
Among all the 300 cultivars of flax in the world, six Canadian varieties, CDC (Crop 
Development Center) Bethune, CDC Sorrel, CDC Arras, CDC Glas, Vimy, and Flanders, are 
prominent registered cultivars grown in Canada (Liu et al. 2016). All of these flaxseed cultivars 
were developed by the Crop Development Center, University of Saskatchewan (Saskatoon, SK, 
Canada), and designed primarily for production of industrial oil for export markets. Only more 
recently has flaxseed oil and seed been used in food supplements. Therefore, these cultivars 
represent the majority of internationally traded commercial flaxseed (“Saskatchewan Flax 
Development Commission - Varieties” n.d.). Among all six cultivars, CDC Bethune, CDC Sorrel, 
and CDC Glas, were selected for detailed investigations of their gum solutions on physicochemical 
and sensory properties in oral rehydration solution preparations, as these three cultivars are the 
most common species in the globally traded market, with comparably higher yield and higher 
percentage of FG. 
CDC Bethune is considered to the one of the best characterized flax cultivars based on the 
numerous studies with a high consistent yield, medium time to maturity, medium maturity, 
medium oil content, and good lodging resistance (“CDC Flax Breeding Program - CDC Flax - 
College of Agriculture and Bioresources - University of Saskatchewan” n.d.; Rowland, Hormis, 
and Rashid 2002) CDC Sorrel is also bred and selected due to good performance on oil 
concentration, maturity and vigour of stand (Government of Canada n.d.). CDC Glas exhibits 
higher yields and stronger straw than CDC Bethune (“CDC Glas | SeCan” n.d.), with medium seed 
size and good lodging resistance (Booker, Rowland, and Rashid 2013). 
2.2. Nutritional Profile of Flaxseed 
Flaxseed oil has been widely used as a drying oil or painting oil in industry, while the demand 
for flaxseed has been largely increased due to consumer understanding of the relationship between 
health and diet. Flaxseed is considered to be a potential functional food ingredient, since it provides 
all kinds of health benefits as well as nutritional value (Eyres 2015). Canada is the first country in 
the world to allow a health-related claim on food labels for flaxseed, linking ground whole flaxseed 
to lower cholesterol (Zienkiewicz 2017). The existence of functional ingredients in flaxseed make 
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it beneficial for critical disease like cardiovascular disease, cancer, diabetes, renal and bone 
disorder (Katare et al. 2012). 
Flaxseed oil contains five main fatty acids: palmitic, stearic, oleic, linoleic, and ALA (Flax 
Council of Canada 2015). The high portion of ALA makes flaxseed a crucial source of 𝛼-linolenic 
acid for people on a vegetarian diet. In this case, it can also be an excellent fatty acid source to the 
population which do not have convenient access to seafood (El-Beltagi, Salama, and El-Hariri 
2007). The protein in flaxseed is composed of 80% globulins and 20% glutelin (Hall III, Tulbek, 
and Xu 2006). It is considered as one of the most nutritious plant proteins (Morris 2007). The 
major lignan that exists in flaxseed is secoisolariciresinol diglycoside, which has a breast tumor-
reducing impact (Chen et al. 2011) and protective effect against diabetes risk, as well as lower 
cholesterol (Adlercreutz 2007). The mucilage in flaxseed appears to play an important role in 
reducing coronary heart disease and diabetes, preventing colon and rectal cancer, and avoiding 
obesity (Franklin 2009). Together these compounds are important to the demand for flax and 
flaxseed products in functional foods (Kajla, Sharma, and Sood 2015). 
2.3. Polysaccharide Gums 
The history of using gums in industry and commerce could be traced back thousands of years 
all over the world. The term “gum” is used to describe a group of naturally occurring materials 
that have widespread industrial applications due to their ability to form gels in water or to induce 
viscosity in aqueous solution or to stabilize emulsions (Mirhosseini and Amid 2012; Glicksman 
1963). The gums presenting with a large number of hydroxyl (-OH) groups significantly increase 
their affinity for binding water molecules. Structurally, gums utilized commercially are 
polysaccharides or the mixtures of polysaccharides, for examples of gum Arabic and FG. The 
application of a gum is selected depending on its functional properties, while each gum has its own 
individual characteristics and must be considered differently according to the particular application. 
In the food industry, gums have been widely used primarily for their thickening, stabilizing, 
gelling, and textural properties in individual food products and to improve the overall quality and 
shelf life (Saha and Bhattacharya 2010; Waldt 1961). Gums have been commonly used as a food 
additive in various food formulations like soups, gravies, salad dressing, sauces, and toppings to 
achieve the desired viscosity and mouthfeel. Also, they are present in food products like ice creams, 
jams, jellies, cakes, and candies, to obtain the favored texture (Saha and Bhattacharya 2010). In 
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recent years, these naturally plant derived polymers also have received attention due to their 
diverse pharmaceutical applications, such as diluents, binders, disintegrants in tablets, thickeners 
in oral liquids, protective colloids in suspensions, gelling agents in gels, and bases in suppositories 
(Prajapati et al. 2013). They are also applied variously in cosmetics, textiles, paints, and paper 
making (Jani et al. 2009). 
Nowadays, researchers have mainly studied the polysaccharide gums due to their sustainable, 
biodegradable, and bio-safe characteristics (Rana et al. 2011). This increasing attention on research 
will greatly help the natural gums to stay in the market for their current applications and future 
applications. 
2.4. Flaxseed Gum (FG) 
Flaxseed contains both soluble and insoluble dietary fibers that are resistant to human 
digestive enzymes and constitutes up to 28% of seed dry weight. Flaxseed stands out from other 
oilseeds and cereals due to its high content of gums. The seed coat (hull) of flax consists of four 
layers. The outermost layer of flaxseed hull contains a thick mucilage layer, also known as the 
soluble fiber portion (Mazza and Biliaderis 1989), where flaxseed gums can be easily extracted 
from flaxseed, and constitutes about 8% of seed weight (Coşkuner and Karababa 2007). Thus, high 
content and easy extraction of flaxseed polysaccharides make flaxseed an excellent source of 
dietary fiber, also as a potential commercially viable source of gum. This mucilaginous material 
is a secondary cell wall polysaccharide, which is soluble in cold water (Biliaderis and Izydorczyk 
2006). 
 Based on previous studies, FG contains 50 to 80% carbohydrate, 4 to 20% protein, and 3 to 
9% ash (Fedeniuk and Biliaderis 1994). The variation is mostly caused by the raw material, for 
example the particular flaxseed cultivar, growing conditions, and the plant part used for extraction. 
Also the extraction solvent, pH, temperature, the form of raw materials and other extraction 
conditions would significantly impact the chemical and monosaccharide composition (Cui 2005; 
Wannerberger, Nylander, and Nyman 1991; Muralikrishna, Salimath, and Tharanathan 1987). 
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2.5. Flaxseed Gum Extraction 
The mucilage is primarily obtained by aqueous extraction of the whole seed or meal. Based 
on the previous study, the yield, rheological properties, and compositional characteristics of FG 
vary with the pH, seed : water ratio, extraction temperature, and processing time (Koocheki et al. 
2009). 
2.5.1. Extraction of Mucilage from Flaxseed 
FG’s ability to easily dissolve in cold water allows the application of mild conditions to extract 
FG from raw materials. The traditional extraction method is to soak flaxseed in water and extract 
at different temperatures with continuous stirring from 3 to 16 hours (Cui 2000). The extraction 
conditions, for example, temperature, pH, and time all have significant impact on the yield, purity, 
chemical composition, and rheological properties of the flaxseed mucilage (Cui, Kenaschuk, and 
Mazza 1996; Fedeniuk and Biliaderis 1994; Mazza and Biliaderis 1989). A number of researchers 
have reported that with higher extraction temperatures, the gum yield would increase from 5 to 
9%, but it would also increase the protein content in the mucilage (Cui et al. 1994). FG extracted 
at four temperature 30, 50, 70, and 90°C resulted in significant differences in monosaccharides 
and protein chemical composition. At 30 and 50°C, the extracted FG samples had higher levels of 
neutral monosaccharides and lower levels of acidic monosaccharides. Increasing extraction 
temperatures also increased the protein content (Kaushik et al. 2017). As described by Cui et al. 
(1994), the optimized extraction condition occurs at a temperature of 85 to 90°C for 2.5 to 3 h, a 
pH between 6.5 to 7.0, with the water : seed ratio of 13:1 to give high yields of FG (8%) with low 
levels of protein contaminants (< 8%). 
The aqueous extract is then filtered or centrifuged to remove solid particles, followed by 
precipitation in organic ethanol solvent. The ethanol precipitation is applied not only for collection 
of the dissolved polysaccharides, but also for the removal of cyanogenic glycosides, which are the 
main antinutrients in flax and are likely to be extracted along with the mucilage (Daun et al. 2003). 
The final FG is obtained by freeze-drying or spray-drying (Biliaderis and Izydorczyk 2006). The 
freeze-drying normally results in FG with relative purity, free of antinutrients, and stable for 
storage materials (Jenkins 1995), while the products from spray-drying often have a lower 
viscosity due to the impact of high outlet temperature (Oomah and Mazza 2001). 
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Other than the extraction conditions of temperature, time and pH, the preparation of raw 
material will also be a significant aspect to determine FG characteristics. The preparation of raw 
material includes mechanical processing and swelling. The swelling consists of two stages: 
hydration and swelling (Ziolkovska 2012). In the mechanical processing, it is important for FG 
extraction to choose a proper form of raw material. Three common options are applied in the 
flaxseed preparation to extraction: whole seed, hull separation, and flaxseed meal. Whole seed 
demonstrates improved extraction of mucilage compared to the others, since it can reduce the 
protein amount in the mucilage (Fedeniuk and Biliaderis 1994; Bhatty 1993). 
2.5.2. Extraction of Mucilage from Flaxseed Meal 
 Although flaxseed has been increasingly consumed as a human food, the industrial uses of 
flax oil still predominates the marketplace since the industrial revolution (Daun et al. 2003). As a 
result, a large amount of flaxseed meal is found in the industry as a by-product from flaxseed oil 
pressing. The seed crushing increases the possibility of extracting other substances, including 
proteins and tannin pigments, which would decrease the quality of mucilage (Ziolkovska 2012). 
The flaxseed mucilage extracted from flaxseed meal is suitable for using as an emulsifying agent 
and applied in chocolate milk and others food products, since it contains large amount of proteins 
(Biliaderis and Izydorczyk 2006). 
2.5.3. Extraction of Mucilage from Flaxseed Hull 
Since FG is mainly located in the outer layer of the seed coat, the extraction directly from 
flaxseed hull would be more efficient compared to the extraction of whole flaxseed or flaxseed 
meal, but the hull separation from flaxseed kernel is still a technical problem (Ziolkovska 2012), 
due to the extreme hardness of the hull and closed combination between flaxseed kernel and hull 
(Mridula 2013). 
2.6. Flaxseed Gum Yield 
The yield of FG obtained by extraction varies greatly depending on the extraction method and 
cultivar. There is little information regarding dietary fiber content among prominent flax cultivars. 
Liu et al. (2016) investigated FG from six Canadian flaxseed cultivars and determined FG yield 
(Table 2.1). There was significant variation in FG yield among cultivars with the cultivar Flanders 
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(14.45 ± 0.49 g/100 g seed) and CDC Glas (13.62 ± 0.33 g/100 g seed) having the highest yields. 
CDC Bethune afforded the lowest FG yield (9.33 ± 0.14 g/100 g seed). FG extraction yield can be 
a valid parameter for determining both functional properties and the economic viability of FG 
extraction. In other work done by Cui et al. (1996), FG yield from 6 cultivars varied from 5.5% to 
7.9% (Table 2.2). Gum yield measurements for both studies were conducted according to a similar 
aqueous extraction procedure followed by precipitation with four volumes of ethanol (Chornick 
2002). Reproducible yield results suggest that this method can be used to determine FG soluble 
fiber content. The qualitative and quantitative determination of gum yield from flaxseed has great 
importance in FG commercialization. 
 
Table 2.1 Flaxseed gum (FG) yield, protein, neutral sugar, and acid sugar content of FG solutions 
for six Canadian cultivars (Data taken from Liu et al. 2016). Values are provided as mean ± SD. 
 
Cultivar 
Yield  
(g/100 g seeds) 
Protein  
(mg g-1 FG) 
Sugar (mg g-1 FG) 
Neutral 
Sugar 
Acidic 
Sugar 
CDC Glas 13.62 ± 0.33 64.9 ± 2.3 430 ± 39 98 ± 18 
Vimy 12.75 ± 0.38 90.8 ± 4.7 389 ± 37 89 ± 25 
Flanders 14.45 ± 0.49 73.2 ± 13.2 578 ± 22 111 ± 19 
CDC Sorrel 12.71 ± 0.47 87.3 ± 3.5 367 ± 27 114 ± 23 
CDC Arras 11.90 ± 0.35 88.3 ± 1.9 418 ± 28 117 ± 26 
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CDC 
Bethune 
9.33 ± 0.14 56.6 ± 5.1 592 ± 84 181 ±17 
 
 
 
Table 2.2 Effect of cultivar on mucilage extract yields (percentage of seed weight) (Data taken 
from Cui et al. 1996). 
 
Cultivar Yield (%) 
Norman 7.9 ± 0.5 
Royal 5.5 ± 0.2 
Reina 6.7 ± 0.3 
22-87-2-159 6.0 ± 0.2 
Verne 6.0 ± 0.3 
Atlante 6.0 ± 0.1 
 
2.7. Physicochemical Properties of Flaxseed Gum 
 FG has evoked tremendous interest in the food industry due to its physicochemical and 
functional properties and possible consideration as a food hydrocolloid. Soluble flaxseed gum 
(SFG) can be fractionated into a neutral fraction gum (NFG) (75%) and an acidic fraction gum 
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(AFG) (25%) using ion exchange chromatography (Qian et al. 2012; Warr et al. 2003; Cui, 
Kenaschuk, and Mazza 1996). Numerous studies of flaxseed mucilage properties have been carried 
out. Flaxseed mucilage can be used as a thickener, since its apparent viscosity aligns well to the 
Power Law model (Wu et al. 2010; Cui, Kenaschuk, and Mazza 1996), as a gelling agent (Chen, 
Xu, and Wang 2007), and foaming properties (Khalloufi et al. 2008, 2009; Mazza and Biliaderis 
1989). These solution properties have led to studies of FG in salad dressing, carrot juice, and dairy 
desserts (Shakeel et al. 2013; Rabetafika et al. 2011; Stewart and Mazza 2000). 
2.7.1. Chemical Composition of Flaxseed Gum 
Two groups of polysaccharides polymers, a neutral arabinoxylan polysaccharide and an acidic 
rhamnogalacturonan-I (RG-I) polysaccharide, can be fractionated from FG polysaccharides using 
ion-exchange. The ratio between neutral to acidic polysaccharides in flaxseed may vary 
significantly with their origins (Table 2.1) (Ziolkovska 2012, Liu et al. 2016). The neutral polymer 
constituted 75% of FG mass with molecular weight of approximately 1.2  106 g/mol as compared 
with acidic polysaccharides which consists of AF1 (3.75%, 6.5  105 g/mol) and AF2 (21.25%, 
1.7  104 g/mol) (Warr et al. 2003; Cui, Mazza, and Biliaderis 1994; Qian et al. 2012; Cui, 
Kenaschuk, and Mazza 1996). The neutral arabinoxylans has a (1→4)-𝛽-D-xylan backbone to 
which arabinose and galactose side chains are attached at positions 2 and 3 (Cui, Mazza, and 
Biliaderis 1994). The acidic polysaccharides have a (1→2)-linked 𝛼-L-rhamnopyranosyl and 
(1→4)-linked D-galactopyranosyluronic acid residues with side chains of fucose and galactose. 
The neutral arabinoxylan polysaccharide is mainly composed of D-xylose, L-arabinose, and D-
galactose (6.2:3.5:1), whereas the acidic fraction polysaccharide is mainly composed of L-
rhamnose, L-fucose, L-galactose, and D-galacturonic acid (2.6:1:1.4:1.7) (Muralikrishna, 
Salimath, and Tharanathan 1987). The molecular weight of the neutral polysaccharides fraction is 
much higher than the acidic fraction, and the different molecular weights will exhibit various 
rheology properties (Biliaderis and Izydorczyk 2006). 
2.7.2. Rheological Properties of Flaxseed Gum 
Rheology is the science of flow and deformation of matter, and rheological properties are 
largely determined by applying a force and recording the resulting flow or deformation. Flaxseed 
gum is mainly comprised of hydrophilic high MW arabinoxylans and acidic polysaccharides, 
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which are readily hydrated by contact with water, and a dissolved polysaccharide network will 
form even at low FG concentration (Cui, Mazza, and Biliaderis 1994). FG imparts high viscosity 
to solution and, therefore, it can be applied in food as a thickener, gelling agent, texture modifier, 
suspending agent, and stabilizer (Singh et al. 2011). Rheological properties of FG solutions were 
determined as a function of concentration, temperature, pH, NaCl concentration, and sucrose 
concentration, and these studies reveal the interaction of FG with other molecules in foods (Liu et 
al. 2016). FG composition from various cultivars is also important in determining FG solution 
rheological properties. For examples, Liu et al. (2016) measured steady shear flow behaviour of 
FG solution over a shear rate range of 0.1 - 100 s-1 and a concentration of 0.5 - 3.0% (w/v). 
2.7.2.1. Concentration 
Flaxseed gum solution (1.00% w/v) from six cultivars all exhibited pseudoplastic or shear-
thinning behaviour, which indicates that apparent viscosity decreased with increased shear rate 
(Liu et al. 2016). Under static conditions in solution, FG polysaccharide molecules are distributed 
randomly. This irregular order of arrangement affords the maximum flow resistance. When shear 
force is applied to a solution of FG, the polysaccharide chains are deformed and align with the 
flow, which decreases slip resistance and apparent viscosity. As greater shear was applied, FG 
polysaccharide chain entanglement is disrupted, then the rate of forming new entanglement 
formation and viscosity are reduced (Vardhanabhuti and Ikeda 2006). Warr et al. (2003) observed 
that FG solution showed shear-thinning flow behaviour at 2.00 % (w/v), and this is caused by 
hydrogen bond formation and intermolecular associations which form polysaccharide molecular 
aggregates. With increasing FG concentration viscosity also increased, and CDC Glas FG 
solutions 1.00 % (w/v) exhibited the highest viscosity (2.984 ± 0.204 Pa·s) of FG solutions 
prepared from six cultivars while FG solutions prepared from the cultivar CDC Sorrel exhibited 
the lowest apparent viscosity (0.048 ± 0.001 Pa·s). 
FG sugar monomer composition, is cultivar specific and can, in part, determine FG solution 
rheological properties (Cui, Kenaschuk, and Mazza 1996). High molecular mass neutral 
polysaccharides imbue solutions with attributes such as high viscosity and typical shear-thinning 
flow behaviour observed for FG solutions (Goh et al. 2006). Due to the smaller biopolymer average 
molecular size, AFG solutions showed Newtonian-like flow properties (Cui, Mazza, and Biliaderis 
1994). Liu et al. (2016) reported that neutral sugar content of FG from six cultivars varied from 
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592 ± 84 to 367 ± 27 mg g-1 of dried FG, while acidic sugar content of FG varied from 89 ±25 to 
181 ±17 mg g-1 (Table 2. 1). FG solutions recovered from CDC Bethune had the highest NFG and 
AFG. CDC Sorrel and Vimy showed the lowest neutral sugar, which resulted in the lowest 
apparent viscosity (Liu et al. 2016). Vimy and CDC Glas had the lowest acidic sugar content. CDC 
Glas FG exhibited higher apparent viscosity, which may associate with higher NFG (430 ± 39 mg 
g-1 FG, D-xylose equivalent) and very low AFG (98 ± 18 mg g-1 FG D-galacturonic acid equivalent) 
(Liu et al. 2016). 
2.7.2.2. Temperature 
Increasing temperature reduces the interaction strength and hydrocolloid network structure of 
FG solutions, thereby, reducing viscosity (Liu et al. 2016; Garcia-Ochoa and Casas 1992). For FG 
solutions prepared from FG recovered from six flax cultivars apparent solution viscosities 
decreased with increased temperature from 15 - 45°C. CDC Glas FG solution (1.0 %, w/v) is 
temperature sensitive, since at a shear rate 1.0 s-1 the viscosity decreased from 6.601 ± 0.341 to 
0.330 ± 0.019 Pa·s. as temperature increased from 15 to 45°C. However, FG (1.0 %, w/v) solutions 
prepared with CDC Sorrel showed smaller temperature sensitivity. Under the same conditions as 
above, the viscosity decreased from 0.091 ± 0.002 to 0.028 ± 0.009 Pa·s. 
2.7.2.3. Salt Addition 
For FG solutions, acidic carboxyl groups form a more expanded configuration by increasing 
intra- and inter-molecular repulsive forces among FG polysaccharide chains. The increase in 
repulsion increases FG solution viscosity (Lin and Lai 2009). The addition of salt increases ionic 
strength and screens FG anionic group charges lessening charge repulsion, decreasing molecule 
expansion and resulting in reduced solution viscosity (Simas-Tosin et al. 2010). FG solutions of 
CDC Glas had the highest viscosity (3.315 ± 0.438 Pa·s.) with 50 mM NaCl and had the lowest 
viscosity (1.214 ± 0.042 Pa·s.) after addition of 200 mM NaCl. Compared to FG solutions 
produced from other cultivars FG solutions prepared from CDC Glas, exhibited lower viscosity as 
NaCl concentration increased (Liu et al. 2016). 
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2.7.2.4. Sugar Addition 
Sucrose dissolved in hydrocolloid gum solution may change solution rheology by directly 
interacting with hydrocolloid gum molecules, and increasing viscosity (Yanes, Durán, and Costell 
2002). For FG solutions prepared from six cultivars all solutions exhibited increased apparent 
viscosity with addition of sucrose to the solutions, while CDC Glas showed the greatest increase 
from 2.98 ± 0.20 to 7.79 ± 1.47 Pa·s (Liu et al. 2016). 
2.7.2.5. pH 
The pH of the mucilage solution shows a significant effect on the flow behaviour and viscosity 
of the flaxseed gum. The lowest FG viscosity is observed at pH 2, and viscosity increases with 
increasing pH until pH 8, where the viscosity is three times its value at pH 2. Further increase of 
pH make for decreasing of viscosity (Mazza and Biliaderis 1989). 
The other study done by Liu et al. (2016) investigated the effect of pH on steady-state shear 
viscosity of FG solutions prepared from six cultivars. FG solution prepared from CDC Glas 
increased apparent viscosity with pH from 3.0 to 7.0, while FG solution from other cultivars did 
not change significantly with varied pH. At low pH (3.0), FG molecular structure in solution 
exhibits a random coil shape, compared to a rigid rod-like conformation at pH 7.0 and higher. The 
latter configuration induces more flow resistance and increases apparent viscosity (Goh et al. 2006). 
Increasing solution pH from 3.0 to 7.0 increases carboxyl group ionization which, in turn, increases 
repulsive inter- and intramolecular interactions, and further enhances apparent viscosity (Medina-
Torres et al. 2000). For the CDC Glas FG solution, the maximum apparent viscosity (3.826 ± 0.910 
Pa·s) was observed at pH 5.0. At this pH, the carboxyl group ionization in FG might be maximized 
(Liu et al. 2016). 
Overall, all FG solution exhibited typical shear-thinning behaviour, and the apparent viscosity 
would change with varied flaxseed cultivars, solution temperature, concentration, pH, NaCl 
concentration, and sugar concentration. These properties can help with selecting the flaxseed 
genotype and to control the methodology for FG beverage formulation. 
 18 
2.8. Physiological Properties and Health Benefits of FG 
Except for the functional properties above, the other reason for FG to be a popular food 
additive is that FG was identified as the active ingredient that gave therapeutic benefit (Liu and 
Eskin 1998). These findings suggested that flaxseed polysaccharides could be developed as a 
functional food ingredient. 
2.8.1. Antiviral Properties of Flaxseed Gum 
Based on recent research reported by Wang et al. (2017), a neutral polysaccharide, called FP-
1, was enriched from defatted flaxseed meal using ion-exchange and size exclusion 
chromatography, FP-1 had a triple-helix conformation, which indicated its potential application 
for immunomodulation and antiviral effects. FP-1 also inhibited Hepatitis B Virus (HBV) by 
inhibition of surface antigen (HBsAg) and envelope antigen (HBeAg) expression and by 
interference with HBV DNA replication (Wang et al. 2017). A number of other polysaccharides 
also exhibited good antiviral activity against several animal viruses, such as, carrageenan 
(González, Alarcón, and Carrasco 1987) and sulfated seaweed polysaccharides (Witvrouw and De 
Clercq 1997), since polysaccharides are a complex group of biological molecules (Aspinall 1983), 
which affect the growth of animal viruses (Shannon 1984) .   
2.8.2. Health benefits of FG  
Flaxseed gum was identified as the most likely responsible active ingredient in a diet 
supplement with partially defatted flaxseed meal, which can level the blood glucose profile in a 
similar manner to guar gum psyllium, oat gum, and other viscous fibers (Jenkins 1995). The 
soluble fiber also has the ability to increase the viscosity of the small intestinal contents and delay 
carbohydrate digestion and absorption, which is believed to reduce the glycemic response (Jenkins 
et al. 1999; Edwards et al. 1987; Blackburn et al. 1984). The mucilage has also been reported to 
effectively improve laxation (“Health Effects of Flaxseed Mucilage, Lignans.” 1997). FG is also 
used in medicinal ointments such as pastes which are effective in the treatment of furunculosis, 
carbunculosis, impetigo, and ecthyma (Aliev 1946). The physicochemical properties of FG are 
useful in tablet preparation as FG can used as a disintegrant, which will help increasing the rate of 
drug release (Prajapati et al. 2013). 
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2.9. Sensory Characteristics of Flaxseed Gum 
2.9.1. Sensory Study 
During the product development process, many tools could be applied to define the 
characteristics of the product. These tools include for example, chemical tests, microbiological 
procedures and the use of physical equipment to determine elasticity, hardness, viscosity, colour 
intensity and more, but these tests are inadequate to reflect the acceptability or preferences on 
consumption of the product (Singh-Ackbarali and Maharaj 2014). 
Sensory studies measure the human senses including taste, texture, appearance, and smell in 
a controlled environment. The sensory evaluation is essential for developing new products and 
assessing product characteristics, which can help to ensure consumer satisfaction and achieve 
market success (“Sensory Research of Food - Nutrition and Dietetics” n.d.). For food and beverage 
products, the main concept for sensory analyses is to integrate with marketing, such that a person’s 
perception on sensory quality is the priority, other than the real taste evaluations (Singh-Ackbarali 
and Maharaj 2014). To ensure product success, it is important to understand what consumers think 
they are tasting as compared with what they really taste (Lesser 1983). 
The methods of sensory evaluation generally can be divided into two categories including a 
panelist sensory evaluation and a consumer acceptance study. Panelist sensory evaluation can be 
achieved through descriptive analysis, which contains “free choice profiling” and quantitative 
analysis (Stone and Sidel 1998). Descriptive analysis generally involves in-depth sensory testing 
which can assess the suitability of certain applied compounds in the new products, and how the 
new compounds will affect overall quality. Any problems with quality can be solved before using 
the solution in a consumer acceptance study (Khan et al. 2015). All the panelists need to be trained 
by providing them with several samples similar to the target products. Initial description process 
is based on “free choice profiling”, which relevant quality attributes like colour (red) or appearance 
(glossy), can be written by the panelists. Subsequently, a suitable score card could be designed 
according to these descriptors, and quantitative descriptive analysis is followed (Stone and Sidel 
1998). The evaluation should be conducted under white fluorescent light. The suitable score card 
is developed based on the results of “free-choice profiling” method selecting suitable terminology. 
The samples should be presented in small cups coded with 3-digit random numbers to trained 
panelists. Panelists are asked to mark on a scale to indicate the intensity of each attributed listed 
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on the score. The scores given for all the attributes for each sample then is tabulated. The mean 
value is calculated for each attribute of the sample to represent the panelist’s judgment about the 
sensory quality of the product. Lastly, the score is depicted graphically as “sensory profile”. 
The second method used is consumer acceptance study which is applied to testing overall 
acceptance of the product with a larger consumer group who are untrained. Selection is based on 
their health condition (to ensure they are not having any defects in sensory perception), general 
sensitivity and their prior experience in sensory evaluation of food products. A scale sheets varied 
from “like very much” to “dislike very much” with “neither like nor dislike” as mid-point is carried 
out for consumer acceptance study.  
In the sensory study done by Aliani et al. (2012), the bagel product with flax addition was 
evaluated with both descriptive test and consumer acceptance study. Sensory studies of cookies 
with flaxseed incorporation was conducted by a group of semi-trained members using hedonic 
tests to evaluate parameters such as colour, taste, texture, and overall acceptability (Jain and 
Ganorkar 2014). In another study conducted by Adinsi et al. (2015), the consumer acceptability of 
a beverage “gowe” made from malted and fermented cereal was evaluated on panelists like for 
appearance, tastes, and overall liking using a 9-point hedonic scale from “Dislike Extremely” to 
“Like Extremely”. 
2.9.2. Sensory Characteristics of Flaxseed Gum 
All the physicochemical and functional properties described above suggest that FG has 
potential for use as an industrial food additive. Furthermore, texture and sensory properties are 
major standards for consumer acceptability of food products (Kaewmanee et al. 2014). A sensory 
profile of FG solutions (0.1% in deionized water) from seven Italian cultivars was determined by 
Kaewmanee et al (2014). Most FG solutions from the cultivars Valoal, Linoal, Merlin and Natural 
were flavourless, while Kaolin, Festival, and Solal had slight (less than 2 points on a 10-point 
category scale) bitter, sweet, and umami flavours (Figure 2.2). The mild taste associated with FG 
will have little impact on the natural taste and flavour of a food product, which makes usage of FG 
as a food additive achievable. 
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Figure 2.2 The taste profile of flaxseed gum (FG) solutions from seven Italian flax cultivars 
(Figure taken from Kaewmanee et al. 2014). 
2.10. Utilization of Flaxseed Gum as Additives in Food Products 
Flaxseed gum properties, like those described above, provide information that can lead to better 
utilization as additives in food, beverage, and pharmaceutical products. Also, FG has attracted 
attention due to its beneficial effects in mitigating diabetes, heart disease, and colorectal cancer 
(Tarpila et al. 2005; Cunnane et al. 1993). As an emulsion stabilizer, FG was added to whey protein 
isolates and soybean protein isolates to improve emulsion stability (Wang et al. 2011; Khalloufi et 
al. 2009). Flaxseed gum also stabilizes cloudy carrot juice and salad dressing due to its 
macromolecular steric repulsion and emulsion forming properties (Qin, Xu, and Zhang 2005; 
Stewart and Mazza 2000). In meat products, FG was used owing to the desired interaction between 
FG with meat protein (Chen, Xu, and Wang 2007). In addition, meat emulsions extended with 
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flaxseed mucilage resulted in reducing cooking loss and decrease firmness (Dev and Quensel 
1988). Except for interactions of FG and proteins, FG was also shown to interact with maize starch 
in food systems to control the texture and improve food product stability (Wang et al. 2008). 
Furthermore, FG is an egg white substitute in bakery and ice cream, where it functions as a 
stabilizer and texturizer (Singh et al. 2011; Xu and Sun 2008; Cui 2005; Liu, He, and Mu 2005). 
2.11. Summary of Literature Review 
In the previous literature, the nutrients, physiochemical, and potential functional properties of 
FG were explained, which indicated the possibility of applying FG into food products. In this study, 
we investigated FG utility as a bioactive ingredient for beverages that gave acceptable sensory 
characteristics that helped with consumer acceptance. The appearance, aroma, texture, and taste 
intensity of FG were also investigated to optimize both the sensory characteristics and acceptance 
of FG beverage. Also, the physicochemical properties of FG product were analyzed. 
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3. MATERIALS AND METHOD 
3.1.  Materials 
Three Canadian flaxseed cultivars (CDC Bethune, CDC Glas, and CDC Sorrel, Figure 3.1) 
were used in this study. CDC Glas was harvested in 2015, from Shewchuk Seed, whilst CDC 
Bethune and CDC Sorrel were provided by Allan Seeds in 2013 and 2015, respectively. All 
selected flaxseed varieties were oil seed cultivars with brown colour seed coats. The seed was kept 
in a desiccator at room temperature until used. 
 
 
Figure 3.1 Whole flaxseed of three Canadian flaxseed cultivars (From left to right: CDC Glas, 
CDC Bethune, CDC Sorrel). 
3.2. Reagents and chemicals 
Food grade chemicals; dextrose, potassium citrate, sodium citrate, and sodium chloride were 
purchased from Spectrum Chemical Mfg. CORP (Gardena, CA, USA). Anhydrous undenatured 
beverage ethanol was obtained from Greenfield Global Inc. (Mississauga, ON, Canada). 
Resorcinol and D-xylose were purchased from Sigma-Aldrich Canada Ltd. (Oakville, ON, 
Canada). Concentrated sulphuric acid (≥96%, w/w) was purchased from EMD Millipore 
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Corporation (Burlington, MA, USA). Pure orange extract (Club House, London, ON, Canada) was 
obtained from a local supermarket (Sobeys, Saskatoon, SK, Canada). All other reagents were 
analytical grade. 
3.3. FG Extraction 
3.3.1. Seed Treatment 
To study the differences among mucilage extracts from whole flaxseed and flaxseed meal, 
seeds from each cultivar were divided into two extraction groups. The first group of FG was 
extracted directly from whole flaxseed by washing the seed in distilled water for 1 min at 
approximately 22C to remove surface particulate matter and dust. The second group of flaxseed 
was dry milled using a Glen Mills Type C/11/1 Tabletop Disc Mill (Glen Mills Inc., Clifton, NJ, 
USA), at room temperature using setting #4. All ground seed were stored at -20°C until further 
processing. 
3.3.2. FG Extraction 
Flaxseed mucilage was extracted following a slightly modified method detailed in Wang et al. 
(2009). Briefly, distilled water was preheated to 60C or 80C, then whole flaxseed or flaxseed 
meal was added at a ratio of 10:1 (water to flaxseed) and gently stirred (300 rpm) for 2 h using a 
magnetic stir bar. The extracted FG was separated from whole flaxseed or flaxseed meal by 
filtering the solution through multiple layers of cheese cloth and further precipitated using 
anhydrous undenatured ethanol. The precipitate was collected through vacuum filtration, and the 
ethanol layer was removed by air-drying the samples overnight. Lastly, aqueous FG precipitates 
were then lyophilized using a LABCONCO freeze-dryer (Kansas City, MO, USA). The dried FG 
samples were kept in a desiccator at room temperature for subsequent studies. All extractions were 
conducted in triplicate. FG yields were calculated and presented as mean  standard deviation 
(SD). 
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3.4. Formulation 
3.4.1. FG Solution Preparation 
Dried FG samples were weighed and dissolved in deionized water (2.00%, w/v), with gentle 
stirring (300 rpm) for 2 h, at room temperature. Subsequent, FG polymer dispersion was kept at 
4C for 24 h to ensure completion of the hydration process. Air bubbles were removed from the 
FG dispersion by centrifugation at 2500 x g for 2 min (Liu et al. 2016) and the FG supernatant 
fractions were collected for further analyses. 
3.4.2. Oral Rehydration Solution Preparation 
The oral rehydration solution model system was prepared with 2500 mg of dextrose (C6H12O6), 
205 mg of sodium chloride (NaCl), 204 mg of potassium citrate (C6H5K3O7), and 86 mg of sodium 
citrate (Na3C6H5O7) (“Pedialyte - Uses, Side Effects, Interactions - MedBroadcast.com” n.d.). 
Solutes were mixed with distilled water (1 L) at room temperature for 5 min, then heated to 70C 
for incorporation and cooled back to room temperature. The solution was stored at 4C until further 
analyses. 
3.4.3. Beverage Formulation 
The final mixture of the FG beverage, was prepared by mixing FG solutions with the oral 
rehydration solutions. This mixture was then heated between 70 to 75C for 3 min with constant 
agitation. Flavor compounds, such as pure orange extract, were also added to the solution. The 
final concentration of FG in the mixture was 0.50% and 1.00% (w/v). The FG beverages were 
stored in the fridge for further analysis. 
3.5. Physicochemical Properties 
3.5.1. Determination of Transmittance 
The transmittance of the FG beverage was determined by optical density (OD) measurements 
at 420 nm using a Genesys 10S UV-vis spectrophotometer (Thermo Scientific, Madison, WI, 
USA). Distilled water was used as the blank and readings were conducted in triplicate and given 
as a mean value  SD. 
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3.5.2. Determination of pH 
FG beverage pH was determined using an Orion 4 Star pH meter (Thermo Scientific, Madison, 
WI, USA), and readings were taken in triplicate and given as mean value  SD 
3.5.3. Determination of neutral sugar content 
The neutral sugar content of FG was conducted using spectrophotometric analyses based on a 
modified methodology incorporating methods from the AOAC Method 44.1.30, Monsigny et al. 
(1988) and Liu et al. (2016). Briefly, small aliquots (0.4 mL) of FG beverage solution (0.50% and 
1.00%, w/v in water) were mixed with 0.4 mL of resorcinol solution (C6H6O2) (6.0 mg mL-1), 
followed by the addition of sulphuric acid (2 mL; 75%, v/v). Resorcinol solution was stored at 4C 
in the dark for up to 1 month. The 75% sulphuric acid was kept in the dark at RT for up to 3 weeks. 
Mixtures were shaken by a vortex mixer for 30 s. The OD for the sample mixtures, were measured 
at 490 nm using a Genesys 10S UV-vis spectrophotometer (Thermo Scientific, Madison, WI, 
USA). Blanks were prepared using deionized water to replace FG solution following the same 
procedure and the calibration curve (0.2 - 8.0 mg mL-1) was prepared using D-xylose (C5H10O5) 
solution. The final FG neutral sugar concentration is expressed as milligrams of D-xylose 
equivalents per gram of the mucilage powder. All measurements were taken in triplicate, and 
results were presented as mean  SD. 
3.5.4. Determination of viscosity 
Dynamic viscosity of FG beverage solution (0.50% and 1.00%, w/v in water) was measured 
using an AR G2 rheometer (TA Instruments Ltd., Crawley, UK. Figure 3.2). Beverage solutions 
(2.0 mL FG) were loaded onto the bottom plate of the rheometer, and the samples were equilibrated 
for 2 min before each measurement. A 60 mm acrylic cone plate geometry (1.969) was used with 
a 1.0 μm gap. The rheometer temperature (25 C) was controlled by a water bath connected to a 
Peltier System (TA Instruments Ltd., Crawley, UK). The viscosity was measured under a 
continuous shear rate over a shear rate range between 0.01 to 1000 per second. Samples were 
prepared the day before measurement and stored in refrigeration. To determine the apparent 
viscosity, the Power law model (Eq. 3.1) was applied to fit each FG beverage solution dynamic 
flow curve. The experiments were conducted in triplicate. The results were presented as mean 
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values. Data analysis was conducted using the TA Rheology TRIOS Data Analysis Software 
V4.4.0 (TA Instruments Ltd., Crawley, UK). 
 
                                𝜼 = 𝒌?̇?𝒏−𝟏                                      (3.1) 
where 𝑘 is the consistency coefficient (𝑃𝑎 ∙ 𝑠𝑛), 𝛾 ̇ is the shear rate (𝑠−1), and 𝑛 is the fluid 
behaviour index. 
 
Figure 3.2 AR G2 rheometer for rheological analysis (TA Instruments Ltd., Crawley, UK). 
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3.6. Sensory analysis 
Sensory characteristics of FG beverage samples were evaluated by a group of individuals 
including students and staff members of the University of Saskatchewan. These participants 
evaluated FG beverage samples for the following attributes: colour desirability, odour/smell, 
texture/mouth feel, taste/flavour intensity, after-taste intensity, and product acceptability. A pre-
screening questionnaire was conducted to determine any food allergies or concerns regarding to 
the sensory study. Panelists were selected based on their perception of basic tastes and familiarity 
with the product. Ten participants (six women and four men) partook in the final evaluation. 
Participants were between the ages of 24 to 40 years old and consumed oral rehydration solutions 
occasionally. Sensory attributes like colour, odour, texture, taste intensity, after-taste intensity, and 
overall product acceptability for all samples were assessed using an eight-point hedonic scale. The 
scale definitions, used for rating the samples, included: “extremely undesirable”, “very 
undesirable”, “moderately undesirable”, “slightly undesirable”, “slightly desirable”, “moderately 
desirable”, “very desirable” and “extremely desirable” (Table 3.1).
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Table 3.1 The 8-point hedonic scale score sheet. 
 
Colour Desirability 
Extremely 
Undesirable 
(1) 
Very 
Undesirable 
(2) 
Moderately 
Undesirable 
(3) 
Slightly 
Undesirable 
(4) 
Slightly 
Desirable  
(5) 
Moderately 
Desirable 
(6) 
Very 
Desirable 
(7) 
Extremely 
Desirable 
(8) 
Odour/ Smell 
Extremely 
Intense 
(1) 
Very  
Intense 
(2) 
Moderately 
Intense 
(3) 
Slightly 
Intense 
(4) 
Slightly  
Bland 
(5) 
Moderately 
Bland 
(6) 
Very 
Bland 
(7) 
Extremely 
Bland 
(8) 
 
Texture/ Mouthfeel 
Extremely 
Sticky 
(1) 
Very  
Sticky 
(2) 
Moderately 
Sticky 
(3) 
Slightly 
Sticky 
(4) 
Slightly 
Slippery 
(5) 
Moderately 
Slippery 
(6) 
Very 
Slippery 
(7) 
Extremely 
Slippery 
(8) 
 
Taste/ Flavour Intensity (Salty, Sweetness, and sour intensities) 
Extremely 
Intense 
(1) 
Very  
Intense 
(2) 
Moderately 
Intense 
(3) 
Slightly 
Intense 
(4) 
Slightly  
Bland 
(5) 
Moderately 
Bland 
(6) 
Very 
Bland 
(7) 
Extremely 
Bland 
(8) 
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After Taste Intensity 
Extremely 
Intense 
(1) 
Very 
Intense 
(2) 
Moderately 
Intense 
(3) 
Slightly 
Intense 
(4) 
Slightly 
Bland 
(5) 
Moderately 
Bland 
(6) 
Very 
Bland 
(7) 
Extremely 
Bland 
(8) 
 
Product Acceptability 
Extremely 
Unacceptable 
(1) 
Very 
Unacceptable 
(2) 
Moderately 
Unacceptable 
(3) 
Slightly 
Unacceptable 
(4) 
Slightly 
Acceptable 
(5) 
Moderately 
Acceptable 
(6) 
Very 
Acceptable 
(7) 
Extremely 
Acceptable 
(8) 
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3.6.1. Training Sessions 
During the first two training sessions, participants were familiarized with FG beverage samples, 
and were also provided with several samples of beverage and food similar to FG beverages for 
demonstration purposes. In addition, method of scoring, evaluation techniques, and rating scale 
used to rate the select sensory attributes were discussed with all panelists, during these training 
sessions, to ensure standardization of the results (Table 4.5) 
3.6.2. Evaluation Sessions 
FG solution and oral rehydration solution were prepared daily, and after preparation, the FG 
was stored at 4C for a maximum of 16 hours to meet consumption for the next day. During each 
session, each panelist would receive a sample tray (Figure 3.3). On the sample tray, approximately 
9 samples were presented at room temperature in an identical plastic portion cup (1.5 oz), 
containing approximately 30 mL of sample, and coded with three random digit numbers in a 
randomized order under white light. Distilled water and unsalted crackers were also provided to 
rinse the panelists mouth and clean their palate, respectively, before and between evaluations for 
each formulation. The sessions were performed in the afternoon (14:00 - 16:30) in a standardized 
panel test room with separate booths for each assessor to provide a serene atmosphere and to avoid 
disturbance and influence among panelists. All samples were scored in triplicate within four 
consecutive days by each of the ten participants. Mean scores for each attribute were calculated 
for the comparison of the samples. 
The research was reviewed and approved by the University of Saskatchewan Research Ethics 
Board on Human Ethics subjects (Appendix B). All panelists gave written informed consent to 
participate in the study. 
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Figure 3.3 Example of sample tray during flaxseed gum (FG) beverage study. 
 
 
 
3.7. Statistical analysis 
All measurements were performed in triplicate, and reported as the mean  SD, except for the 
data used for preparing the flow curves. One-way analysis of variance (ANOVA) was performed 
to test the Between-Subjects effect. All statistical studies were conducted at a 95% confidence 
interval using IBM’s SPSS Statistical Package (version 1.0.0.1131; SPSS Inc., Chicago, IL, USA). 
Post hoc analysis, Least Significant Difference (LSD), was performed where statistical differences 
were present between pairs of means. 
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4. RESULTS AND DISCUSSION 
4.1. Effect of Seed Treatment 
The first set of analyses examined the impact of seed treatment on the appearance of FG 
beverage. Whole and milled flaxseed were both used for FG extraction at the temperature of 60C, 
and the produced gums was used for FG beverage formulation. The most striking observation that 
emerged from the final products were that FG beverage made from flaxseed meal extracted gum 
was extraordinarily oily and foggy.  
To compare the difference between FG extracted with whole/milled seed, transmittance was 
assessed. The average optical density of FG beverage extracted from whole seed and milled seed 
at both 0.50% and 1.00% (w/v) were compared in Table 4.1. It is apparent from this table that the 
optical density of FG beverage prepared from milled seed is much higher than FG beverage made 
with whole seed for all cultivars and concentration. For the 0.50% (w/v) FG beverage made from 
milled seed, the optical density varied from 1.4 (CDC Bethune and CDC Sorrel) to 1.58 (CDC 
Glas), while the 1.00% FG beverage made from milled seed presented substantially higher optical 
density from 2.08 (CDC Sorrel) to 2.96 (CDC Bethune).  
These results support previous research on the differences of FG extracted from various raw 
materials, whole seed, or flaxseed meal. The high optical density of the FG beverage prepared 
from milled seed may due to the protein and tannin pigment that exist in the mucilage (Biliaderis 
and Izydorczyk 2006; Fedeniuk and Biliaderis 1994; Bhatty 1993; Tomoda and Asami 1950). 
More importantly, the process of separating gum from flaxseed meal was distinctly time-
consuming. Taken together, these observations and results suggest that milling flaxseed before 
gum extraction is not practical for developing an oral rehydration solution with FG, and therefore 
was excluded from further analysis.  
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Table 4.1 The optical density (OD) of flaxseed gum (FG) beverage made with FG extracted from 
both whole and milled seed at 60C with 0.50% and 1.00% (w/v) concentration. 
Cultivar 
Seed 
Treatment 
OD 
0.50% 1.00% 
CDC Glas 
Milled 1.58 ± 0.74 2.80 ± 2.03 
Whole 0.31 ± 0.01 1.49 ± 0.06 
CDC 
Bethune 
Milled 1.40 ± 0.06 2.96 ± 0.05 
Whole 0.27 ± 0.02 1.36 ± 0.01 
CDC 
Sorrel 
Milled 1.40 ± 0.50 2.08 ± 1.59 
Whole 0.36 ± 0.00 1.82 ± 0.02 
 
4.2. FG Extraction Yield 
Before proceeding further with examining the physicochemical properties of the FG beverage 
preparations, it was essential to determine FG extraction yield for three flaxseed cultivars used, 
since the extraction yield is an influential parameter for measuring the economic viability of 
product (Liu et al. 2016). In this study, FG yields of three cultivars (CDC Glas, CDC Bethune, and 
CDC Sorrel) of flaxseed extracted with distilled water at both 60 and 80C are shown in Table 4.2. 
FG yields are expressed as g FG/100 g flaxseed. Yields of FG ranged from 7.23 g/100 g flaxseed 
(CDC Bethune extracted at 60C) to 12.57 g/100 g flaxseed (CDC Glas extracted at 80C). As 
observed from the table below, the CDC Glas had the highest FG yield regardless of extraction 
temperature (60C or 80C), whereas CDC Bethune produced the lowest yield. The table also 
revealed that when the extraction temperature was increased from 60C to 80C, FG yield also 
increased for all three flaxseed cultivars.  
This finding confirms that extraction temperature significantly impacts yield of FG, and with 
higher extraction temperature, the gum yield would increase. The similar trend for FG yield could 
be found in previous studies (Cui, Kenaschuk, and Mazza 1996; Cui et al. 1994). This trend may 
due to the extraction yield of water soluble protein, which is consequently increased with higher 
extraction temperature and will contribute to greater FG yield (Kaushik et al. 2017). Also, the 
result of highest FG yield of CDC Glas among three cultivars is in agreement with Liu et al. (2016) 
in their study of gum variation from six Canadian flaxseed cultivars, and FG yield is a function of 
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cultivar (Kaewmanee et al. 2014). Also, in the Liu et al. (2016) study, CDC Glas, CDC Bethune, 
and CDC Sorrel extracted at 60C had a yield of 13.62, 9.33, and 12.71 g/100g seeds, respectively, 
which is higher than yields reported in the current study. This may due to environmental factors, 
such as climatic conditions and crop age (Pavlov et al. 2014; Diederichsen, Raney, and Duguid 
2006), since the cultivars are the same. The other reason for the difference in yields is the various 
extraction conditions employed (Wang et al. 2010). In Kaushik et al (2016) study, they evaluated 
the extraction temperature, and found it to significantly affect the yield of FG. Thus, using CDC 
Glas and extracting at 80C, as done in this study, would likely have the greatest economic viability.  
 
Table 4.2 Flaxseed gum (FG) yield extracted from whole seed of three flax cultivars at both 
60C and 80C. Values are provided as mean  SD. Different superscripts in the same column 
indicate statistically significant differences among flaxseed cultivar (P < 0.05). 
Cultivar 
Yield (%) 
60C 80C 
CDC Glas 11.56 ± 1.32a 12.57 ± 0.93a 
CDC Sorrel 9.60 ± 0.46b 11.97 ± 0.88b 
CDC Bethune 7.23 ± 0.16c 10.02 ± 0.21c 
 
4.3. pH value 
Physicochemical properties are used to observe and describe FG beverage products. For 
drinking products, appearance or colour, texture, and whether the products have a sour taste are 
essential values to report. The pH of FG beverage is presented in Table 4.3 (a) and (b). FG 
beverages prepared with 0.50% FG exhibited pH values between 6.67 and 7.09, whereas the range 
was 5.82 to 6.78 for FG beverages with 1.00% (w/v) concentration. Three flaxseed cultivars had 
significant differences in pH values (p < 0.05), but no significant differences were observed for 
the cultivar group of 1.00% (w/v) FG beverage extracted at 80C. Among the three cultivars, CDC 
Glas illustrated the lowest pH value, while CDC Sorrel at 60C and CDC Bethune at 80C showed 
the highest pH values of 6.91 and 7.09, respectively. Extraction temperature also affected beverage 
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pH, which increased when the extraction temperature rose. Conversely, the pH decreased with 
higher FG concentration. Lower pH values from reduced extraction temperatures and increased 
FG concentration may be due to a greater content of galacturonic acid, as part of FG hydrocolloid, 
that exists in the sample (Cui, Mazza, and Biliaderis 1994). 
In the market, the pH of commercial nonalcoholic/nondairy beverage ranges from 2.1 (lime 
juice concentrate) to 7.4 (spring water) (Seow and Thong 2005). The pH is the primary determinant 
of a beverage’s erosive potential to dental health (Reddy et al. 2016), and a weak acid composition 
of the beverage is responsible for immediate dissolution and softening of surface tooth structure 
(Shellis, Featherstone, and Lussi 2014; Seow and Thong 2005). The regular consumption of acidic 
beverages is a developing problem and considered to be a critical cause of dental erosion observed 
among children and adolescents (Carvalho et al. 2014; Murakami et al. 2011; Lussi and Jaeggi 
2006). A pH range from 3.0 to 3.99 is considered erosive, while a beverage with pH greater than 
4.0 is considered to minimally erosive (Larsen and Nyvad 1999). Overall, all FG beverage samples 
produced had a neutral pH value which is close to natural water, and thus is unlikely to bring 
damage or only minimum damage to children and adolescents. 
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Table 4.3 Optical density (OD), pH, and neutral sugar of 0.50% (a) and 1.00% (b) flaxseed gum 
(FG) beverage made with FG extracted from whole seed at 60C or 80C with varied flaxseed 
cultivars. Values are provided as mean  SD. Different superscripts in the same column indicate 
significant differences among flaxseed cultivar (P < 0.05). 
(a) 
Cultivar 
0.50% 
OD pH 
Neutral Sugar 
(mg g-1 FG) 
60oC 80oC 60oC 80oC 60oC 80oC 
CDC 
Glas 
0.31 ± 0.01b 0.18 ± 0.01b 6.67 ± 0.03c 7.00 ± 0.01a 78 ± 38b 121 ± 37ab 
CDC 
Bethune 
0.27 ± 0.02b 0.18 ± 0.01b 6.87 ± 0.01b 7.09 ± 0.01b 138 ± 22a 163 ± 36a 
CDC 
Sorrel 
0.36 ± 0.01a 0.38 ± 0.01a 6.91 ± 0.01a 6.99 ± 0.01c 58 ± 10b 88 ± 33b 
 
(b) 
Cultivar 
1.00% 
OD pH 
Neutral Sugar 
(mg g-1 FG) 
60oC 80oC 60oC 80oC 60oC 80oC 
CDC 
Glas 
1.49 ± 0.11b 0.93 ± 0.06b 5.82 ± 0.01c 6.63 ± 0.05b 261 ± 25b 343 ± 13b 
CDC 
Bethune 
1.36 ± 0.01b 0.88 ± 0.04b 6.29 ± 0.01b 6.78 ± 0.01a 382 ± 9a 474 ± 35a 
CDC 
Sorrel 
1.82 ± 0.00a 2.02 ± 0.04a 6.35 ± 0.04a 6.56 ± 0.04b 201 ± 20b 385 ± 19b 
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4.4. Transmittance 
The appearance of a food product has considerable influence on customer selection, which 
will affect the willingness of a customer to accept a product (Imram 1999). To compare the 
appearance of FG beverages, determination of Transmittance was conducted by UV-Vis 
spectrophotometry at 420 nm, and results are reported in Table 4.3 (a) and (b). For the 0.50% (w/v) 
FG beverage, the optical density varied from 0.18 (CDC Glas and CDC Bethune extracted at 80C) 
to 0.38 (CDC Sorrel extracted at 80C). Compared with 0.50% (w/v) FG beverage, the 1.00% FG 
beverage presented substantially higher optical density from 0.88 (CDC Bethune extracted at 80C) 
to 2.02 (CDC Sorrel extracted at 80C). The cultivars CDC Bethune and CDC Glas had a lower 
optical density, which would provide a better product appearance. This may due to the protein 
content differences, which is partly determined by flaxseed genotype (Kaewmanee et al. 2014; Liu 
et al. 2016). The protein content of FG from, CDC Bethune, CDC Glas, and CDC Sorrel are 56.6, 
64.9, and 87.3 g/100 g seeds, respectively (Liu et al. 2016). In this study, CDC Sorrel was 
determined to be the cultivar with highest protein content, and presented the highest optical density. 
In terms of extraction temperature as a factor, most FG extracted at 80C exhibited a more 
acceptable appearance, except for CDC Sorrel (Figure 4.1). Although increasing extraction 
temperature will lead to higher protein content, the reason for an improved appearance with FG 
extracted at 80C may be due to protein denaturing under higher extraction temperatures (Kaushik 
et al. 2017). 
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Figure 4.1 Flaxseed gum (FG) beverage. (a) 0.50% and 1.00% CDC Glas extracted at 80C (left 
to right); and (b) 1.00% CDC Glas extracted at 80C and 60C (left to right). 
 
4.5. Neutral Sugar Content 
Measurement of the neutral sugar content of FG beverage is important as it would highly 
impact other physicochemical and functional properties, such as rheological properties and 
antiviral properties. As mentioned in the literature, the antiviral effect of FG depends on the neutral 
sugar, as higher neutral sugar contents would provide greater benefits to the FG beverage (Wang 
et al. 2018). In this study, the neutral sugar content was determined by a spectrophotometer, using 
(a) (b) 
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FG beverage mixed with resorcinol (C6H6O2) and sulphuric acid (H2SO4). A calibration curve 
(y=0.2372x + 0.0495, R2= 0.9942) was generated using D-xylose (C5H10O5) solution (0.2 - 8.0 mg 
mL-1) as a representative neutral sugar. 
 The neutral sugar content of various formulations of FG beverages is compared in Table 4.3 
(a) and (b). The neutral sugar content varied from 58 ± 10 to 163 ± 36 mg g-1 dried FG for 0.50% 
(w/v) FG beverage. FG derived from CDC Bethune contained the highest neutral sugar content 
(138 ± 22 and 163 ± 36 mg g-1 dried FG, at 60 and 80C, respectively) amongst all three cultivars. 
For the 1.00% (w/v) FG beverage, the neutral sugar content was observed to be between 201 ± 20 
to 474 ± 35 mg g-1 dried FG. CDC Bethune had the highest neutral sugar content (474 ± 35 mg g-
1 dried FG) when the FG was produced at 80C. On the contrary, FG extracted at 60C from CDC 
Sorrel contained the least amount of neutral sugar (201 ± 20 mg g-1 dried FG). Table 4.3 (a) and 
(b) also indicate that by increasing the extraction temperature from 60 to 80C, the neutral sugar 
content in FG beverage would increase 1.18 to 1.92 times. This increase is probably due to the 
enhanced extraction of arabinose and galactose with higher extraction temperatures, as stated by 
Kaushik et al. (2017). Another finding from Table 4.3 (a) and (b) is that the neutral sugar content 
rose from 2.77 to 4.38 times when FG concentration increased from 0.50% to 1.00% (w/v). 
These findings on genotypic differences in neutral sugar content among the three flaxseed 
cultivars is consistent with Liu et al. (2016), who also found that CDC Bethune contained the 
highest neutral sugar content, followed by CDC Glas, and finally CDC Sorrel, which had the 
lowest. This study is also in accordance with previous studies which showed neutral sugar content 
varied substantially between flaxseed cultivars (Kaewmanee et al. 2014; Izydorczyk, Cui, and 
Wang 2005). 
 
4.6. Rheological Properties 
The broad differences in chemical composition between flaxseed cultivars allows some FG to 
show strong rheological properties, for example, the formation of gel, whereas FG from other 
cultivars behaves like a viscoelastic fluid (Cui and Mazza 1997). In this study, the steady shear 
flow behaviour of FG beverage was studied over a shear rate range of 0.1 - 1000 s-1 and a 
concentration at 0.50% and 1.00% (w/v). When the shear rate at very low value (< 0.1 or >1000), 
FG samples exhibited at Newtonian flow. The effects of flaxseed cultivars, extraction temperature, 
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and FG concentration on FG beverage rheological properties were investigated. 
 
Table 4.4 Power law coefficients of fits for rheological measurements of (a) 0.50% and (b) 
1.00% flaxseed gum (FG) beverage solution as a function of extraction temperature. 
(a) 
0.50% 
Cultivar Treatment Parameter 
 
Extraction 
Temperature 
(C) 
n 
k 
(Pa∙sn) 
R2 
CDC Glas 
60 0.453 1.496 0.994 
80 0.446 1.189 0.990 
CDC Bethune 
60 0.564 0.671 0.996 
80 0.597 0.527 0.998 
CDC Sorrel 
60 0.563 0.566 0.982 
80 0.592 0.517 0.997 
 
(b) 
1.00% 
Cultivar Treatment Parameter 
 
Extraction 
Temperature 
(C) 
n 
k 
(Pa∙sn) 
R2 
CDC Glas 
60 0.142 5.806 0.984 
80 0.208 4.677 0.975 
CDC Bethune 
60 0.449 1.458 0.994 
80 0.491 1.338 0.998 
CDC Sorrel 
60 0.451 1.327 0.993 
80 0.478 1.254 0.986 
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4.6.1. Flaxseed cultivars effects 
The steady-state shear flow curves of 1.00% (w/v) FG beverage prepared from three flaxseed 
cultivars are shown in Figure 4.2. All three FG beverages exhibited pseudoplastic or shear-thinning 
behaviour, where the viscosity of FG beverage solution decreased with increased shear rate. FG 
beverage prepared with CDC Glas had the highest apparent viscosity, while CDC Bethune and 
CDC Sorrel had relatively lower apparent viscosities. 
The k and n coefficients (Table 4.4) were obtained by fitting the Power law model to flow 
curves of FG beverages (0.50% and 1.00%, w/v). The least squares fits of flow curves to Eq. 3.1 
were illustrated by lines in Figure 4.2. The coefficient of determination (R2) was 0.975 and higher 
for all tested FG beverage, which supports the use of the Power law model to describe the 
rheological properties of FG beverage solution as a function of shear rate in this study. From Table 
4.4 (a) and (b), at the same FG concentration, FG extracted from CDC Glas had the highest k value 
for both extraction temperature and FG concentration, which indicated the highest viscosity and 
pseudoplasticity compared to CDC Bethune and CDC Sorrel. The opposite trend was observed for 
n coefficients, as CDC Glas exhibited the lowest n value, whereas CDC Bethune and CDC Sorrel 
had higher values. The n value is the fluid behaviour index, which describes the type of fluids 
departure from Newtonian flow (Chhinnan, McWatters, and Rao 1985). For n=1, the solution is a 
Newtonian flow, whereas n>1 means the solution is a dilatant fluid, and at n<1 the solution is a 
pseudoplastic fluid, indicating apparent decreased viscosity with increased shear rate. This applied 
for all FG beverage formulations in this study (Table 4.4 (a) and (b)). The shear-thinning flow 
behaviour of FG was attributed largely to the high molecular mass of neutral polysaccharides 
(arabinoxylans) (Goh et al. 2006). These results are in agreement with those obtained by Liu et al 
(2016), where CDC Glas exhibited the highest apparent viscosity and CDC Sorrel had the lowest 
apparent viscosity. 
 
 43 
 
Figure 4.2 Effect of flaxseed cultivar on the dynamic flow behaviour of 1.00% flaxseed gum 
(FG) beverage solution extracted at 60C (All the lines are fitted by Power Law, and plotted in 
logarithm scale). 
 
4.6.2. Extraction temperature effects 
Extraction temperature effects on FG beverage viscosity are shown in Figure 4.3. For all FG 
beverages, the apparent viscosity decreased as the shear rate increased. As shown in Table 4.4, the 
n and k coefficients of FG extracted at 60C were similar to FG derived from 80C, especially for 
CDC Bethune and CDC Sorrel. When increasing the extraction temperature from 60 to 80C, the 
k coefficient slightly decreased, indicating a decrease in the pseudoplastic flow of these FG 
beverages. 
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Figure 4.3 Effect of extraction temperature on the dynamic flow behaviour of 1.00% CDC Glas 
flaxseed gum (FG) beverage solution (All the lines are fitted by Power Law, and plotted in 
logarithm scale). 
 
4.6.3. FG concentration effects 
Shear thinning behaviour was exhibited for all FG beverages with concentration at 0.50% and 
1.00% (w/v) FG, regardless of flaxseed cultivar or extraction temperature (Fig. 4.4). This 
behaviour indicated that apparent viscosity dropped with increased shear rate. 
The other trend, as identified in Table 4.4, was that with increasing FG concentration, 
coefficient k increased significantly. As shown in Figure 4.5, 1.00% (w/v) CDC Glas FG beverage 
exhibited a higher viscosity than 0.50% (w/v) CDC Glas FG beverage. The high viscosity of FG 
solution and shear-thinning flow behavior is mainly due to high molecular weight of the neutral 
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polysaccharides (Goh et al. 2006), thus, with increasing FG concentration, more neutral sugar 
would exist in the FG beverage, which would further increase the viscosity. 
 
Figure 4.4 Effect of flaxseed gum (FG) beverage concentration on the dynamic flow behaviour 
of CDC Glas FG beverage extracted at 60C (All the lines are fitted by Power Law, and plotted 
in logarithm scale). 
 
4.7. Sensory Analysis 
4.7.1. Sensory Attributes of FG Beverages 
Sensory evaluation is a scientific method to measure, analyze, and interpret responses to food 
products as perceived by the human senses of sight, smell, touch, taste, and hearing (Kaur et al. 
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2018). It is widely applied to explore specific characteristics of a designed ingredient or food 
product by comparing similarities and differences (Kaur et al. 2018). For the sensory analysis of 
FG beverages, several different quality attributes play an important role. The present study was 
conducted to evaluate the sensory aspects and overall product acceptance of FG beverages, with 
the characteristics and definitions shown in Table 4.5. Among all the sensory parameters, the 
colour and product acceptability were judged based on the degree of preference, while odour, 
texture, flavour, and after-taste were evaluated based on the specific intensities. Table 4.6 presents 
the 8-point hedonic scale score sheet used in this study. 
 
Table 4.5 Definitions of attributes for flaxseed gum (FG) beverage testing. 
SENSORY ATTRIBUTES DEFINITIONS 
COLOUR DESIRABILITY The degree of colour preference of the product 
ODOUR/SMELL  The intensity of odour of the product 
TEXTURE/MOUTHFEEL The degree of flow characteristics of liquid 
product in the mouth 
FLAVOUR INTENSITY 
(SALTY, SWEETNESS, AND 
SOUR INTENSITY) 
The amount of salty, sweetness, and sour 
flavour present in the mouth after complete 
mastication 
AFTER-TASTE INTENSITY The amount of off-flavour present in the mouth 
after complete mastication (please describe, if 
any off-flavour present) 
PRODUCT ACCEPTABILITY The degree of acceptability of the product 
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4.7.2. Sensory Profiles of FG Beverages 
To study the sensory characteristics of FG beverages, 0.50% and 1.00% (w/v) FG beverages 
were tested by a team of selected and semi-trained panelists. Figure 4.5 and 4.6 present the average 
sensory profiles of samples with different flaxseed cultivars, extraction temperatures, and FG 
concentrations in terms of colour, odour, texture, taste intensity, and after-taste intensity.  
4.7.2.1. Colour Desirability 
Appearance is the first factor the consumer uses to determine a food’s quality and this includes 
colour, shape, texture, and other surface characteristics (Gat and Ananthanarayan 2016). Colour 
plays an essential role in consumer choice, since it will affect taste thresholds, sweetness, 
perception, food preference, pleasantness, and acceptability (Kaur et al. 2018). Frequently, 
products with transparency appearance would have better visual appeal, particularly for products 
like drinking beverages.  
In this study, FG beverage generally had desirable transmittance appearance, and some 
exhibited a pale, yellow colour. On the 8-point hedonic scale, colour was rated 5.6 and 4.8 for 
0.50% and 1.00 % (w/v) FG beverage, respectively. The score range of appearance varied from 
4.1 (CDC Sorrel, 0.50%, and extracted at 80C) to 6.2 (CDC Glas, 0.50%, and extracted at 80C) 
for all the formulations, which was between “Slightly Undesirable” and “Moderately Desirable”. 
Participants rated colour as acceptable for most FG beverage. CDC Sorrel exhibited a 
comparatively lower value (4.7) on the colour sensory attribute, while CDC Glas and CDC 
Bethune were rated at 5.7 and 5.1, separately. Extraction temperature also influenced the panelist’s 
decisions; thus, panelists exhibited more colour desirability for FG extracted from 60C (5.4) 
compared to FG extracted at 80C (4.9). It is encouraging to compare this result with that found 
by Pimentel et al. (2015) who investigated apple juice supplemented with Lactobacilus paracasei 
ssp. that in their study, the judges indicated that they moderately liked the colour of clarified apple 
juices (hedonic values near 7 in a 9-point scale). Compared to their results, the appearance of FG 
beverage may need to be improved in the future. 
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4.7.2.2. Odour/smell 
The sense of smell is one of the major contributors to the sensory system involved in the 
perception of food aromas and volatile flavours. These olfactory sensations can profoundly impact 
consumer perception of quality and acceptability of foods (Lawless 1991). In this study, FG 
beverage had a moderately bland odour with a faint smell of seeds as described by panelists. 
Overall, the scores of odour intensity for all the formulations were in the range of 5.4 (CDC Glas, 
1.00%, w/v, and extracted at 80C) to 6.6 (CDC Glas, 0.50%, w/v, and extracted at 60C); thus 
the odour of FG beverage is “Slightly Bland” and “Very Bland” to the panelists. The average 
odour intensity rated by panelists is 6.0 for both 0.50% and 1.00% FG beverage, which falls into 
the category of “Very Bland”. According to all the panelists, CDC Sorrel (6.2) had a moderately 
bland smell, followed by CDC Glas (5.9) and CDC Bethune (5.6) showed a slightly bland smell. 
Furthermore, FG extracted at 60C (6.1) had a more bland smell compared to FG beverage with 
FG extracted at 80C (5.8). 
4.7.2.3. Texture/mouth feel 
Texture also impacts consumer acceptance of food products. For solid materials and products, 
mastication consists of shearing and grinding the product with teeth. Foods are controlled and 
directed between the teeth by the tongue, cheeks, and lips. In terms of liquid and semi-solid 
products, the tongue plays a more meaningful role than the teeth, since fewer efforts are required 
for disintegration. The motions of the tongue assist to shear the food and dilute it with saliva until 
the viscosity of food material is low enough for swallowing. During eating, the tongue moves 
about 30 times every minute (Szczesniak and Farkas 1962). The textural parameter is usually 
conducted for semi-solid food material, to specify how thick the material is, how long it coats the 
mouth, extent of difficulties to swallow, and to what extent it can retain its shape (Khan et al. 2015; 
Szczesniak and Farkas 1962).  
In this study, panelists stated the beverage was only a bit thicker than water in the mouth. As 
shown in the Figure 4.5 and 4.6, the least slippery sample at a score of 4.8 was found to be 0.50% 
(w/v) CDC Sorrel extracted at 80C, while the most slippery formulation at a score of 6.4 was FG 
beverage with CDC Glas extracted at 60C with 0.50% concentration (w/v). The texture of the 
product was also perceived as 5.8 points for 0.50% (w/v) and 5.5 points for 1.00% (w/v) FG 
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beverage, which both fall between “Slightly Slippery” to “Moderately Slippery”. By comparing 
the mouthfeel between various flaxseed cultivars, CDC Glas exhibited “Moderately Slippery” 
texture, while FG beverage made with CDC Bethune and CDC Sorrel seemed to produce a stickier 
mouthfeel to the panelists, and were rated at 5.7 and 5.2, respectively. Another finding is that the 
samples with FG extracted at 60C (5.8) exhibited a more slippery texture compared to FG 
beverage with FG extracted at 80C (5.5). 
4.7.2.4. Flavour intensity (salty, sweetness, and sour intensity) 
Flavour is considered as the most critical factor which determines product consumption, the 
period time of products stay in the market, and consumers’ repeat purchasing (Cardello, Schutz, 
and Lesher 2007). Therefore, the taste intensity and after-taste intensity are essential to maintain 
at a suitable level. In this study, FG beverage tasted a little sweet and pleasant with a minor off 
flavour presented in the mouth after complete mastication. The scores of flavour intensity for all 
FG beverages were between 3.5 (CDC Glas, 0.50%, w/v, extracted at 60C) to 5.1 (CDC Glas, 
0.50%, w/v, extracted at 80C). The participants suggested an average score of 4.3 for taste 
intensity of both 0.50% and 1.00% (w/v) FG beverage, which was between “Slightly Intense” and 
“Slightly Bland”. Beverage made with CDC Bethune exhibited higher taste intensity (4.1) than 
the product prepared with CDC Glas (4.3) and CDC Sorrel (4.5).  
4.7.2.5. After-taste intensity 
After-taste intensity varied with formulation, and ranged from 4.3 (CDC Bethune, 0.50% and 
1.00%, w/v, extracted at 60C) to 5.5 (CDC Glas and CDC Sorrel, 0.50%, w/v, extracted at 80C). 
The average was rated at 5.1 and 5.0 for 0.50% and 1.00% (w/v) FG beverage, respectively, which 
stayed in the categories of “Slightly Bland” and “Moderately Bland”. The after-taste intensity of 
CDC Bethune (4.8) was scored at “Slightly Intense”, which was stronger than CDC Glas (5.0) and 
CDC Sorrel (5.3). From Figure 4.5 and 4.6, no taste and after-taste intensity differences were 
detected with various extraction temperatures. Both FG extracted from 60C and 80C were rated 
at 4.3 for taste intensity, and 5.1 for after-taste intensity.  
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Figure 4.5 Radar plots of the sensory attributes of 0.50% flaxseed gum (FG) beverage with various 
flaxseed cultivars and gum extraction temperatures: (a) 60C, and (b) 80C. 
1 8 = Extremely Desirable; 7 = Very Desirable; 6 = Moderately Desirable; 5 = Slightly Desirable; 
4 = Slightly Undesirable; 3 = Moderately Undesirable; 2 = Very Undesirable; 1 = Extremely 
Undesirable. 
2 8 = Extremely Bland; 7 = Very Bland; 6 = Moderately Bland; 5 = Slightly Bland; 4 = Slightly 
Intense; 3 = Moderately Intense; 2 = Very Intense; 1 = Extremely Intense. 
3 8 = Extremely Slippery; 7 = Very Slippery; 6 = Moderately Slippery; 5 = Slightly Slippery; 4 = 
Slightly Sticky; 3 = Moderately Sticky; 2 = Very Sticky; 1 = Extremely Sticky. 
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Figure 4.6 Radar plots of the sensory attributes of 1.00% FG beverage with various flaxseed 
cultivars and gum extraction temperatures: (a) 60C, and (b) 80C. 
1 8 = Extremely Desirable; 7 = Very Desirable; 6 = Moderately Desirable; 5 = Slightly Desirable; 
4 = Slightly Undesirable; 3 = Moderately Undesirable; 2 = Very Undesirable; 1 = Extremely 
Undesirable. 
2 8 = Extremely Bland; 7 = Very Bland; 6 = Moderately Bland; 5 = Slightly Bland; 4 = Slightly 
Intense; 3 = Moderately Intense; 2 = Very Intense; 1 = Extremely Intense. 
3 8 = Extremely Slippery; 7 = Very Slippery; 6 = Moderately Slippery; 5 = Slightly Slippery; 4 = 
Slightly Sticky; 3 = Moderately Sticky; 2 = Very Sticky; 1 = Extremely Sticky. 
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4.7.3. Product Acceptability of FG Beverage 
According to the assessment about colour desirability, odour, texture, flavour intensity, after-
taste intensity of FG beverage, the overall product acceptability, as the second stage of the sensory 
study, was conducted. For all FG beverages, the overall product acceptability was within the range 
of 4.3 (CDC Sorrel, 0.50%, w/v, extracted at 80C) and 5.7 (CDC Glas, 0.50%, w/v, extracted at 
80C) (Fig. 4.7). The average product acceptability for 0.50% (w/v) FG beverage was 5.1 (Fig. 
4.7 (a)), and 5.0 (w/v) for 1.00% (Fig. 4.7 (b)), which falls into the grade of “Slightly Acceptable” 
and “Moderately Acceptable”. The most popular FG beverage formulation at both 0.50% and 1.00% 
(w/v) concentration was made with FG extracted from CDC Glas and extracted at 80C. FG 
beverage at 0.50 % (w/v) extracted at 80C from CDC Glas performed the best for overall product 
acceptability at 5.7, while 1.00% (w/v) FG beverage from CDC Glas with same extraction 
condition showed 5.5 customer acceptability. 
The least popular formulation with 0.50% (w/v) concentration was the FG beverage made 
with CDC Sorrel FG extracted at 80C, which had the score of 4.3, and fell into the scales between 
“Slightly Unacceptable” and “Slightly Acceptable”. For the 1.00% (w/v) FG beverages, the 
formulation with FG from CDC Bethune extracted at 60C was the least popular (4.7). Taken 
together, the results suggested that among all three flaxseed cultivars, FG extracted from CDC 
Glas exhibited better overall acceptability than CDC Bethune and CDC Sorrel (Figure 4.7 (a) and 
(b)). FG beverage made with CDC Glas had average product acceptability at 5.3, which is between 
“Slightly Acceptable” and “Moderately Acceptable”, compared to score of 5.0 and 4.9 for CDC 
Bethune and CDC Sorrel, respectively. A comparison of the popularity of two extraction 
temperatures revealed that FG extracted at 80C was more acceptable (5.1) than FG extracted at 
60C (5.0). 
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(a) 
 
(b) 
 
Figure 4.7 Mean overall product acceptability value on a 8-points hedonic scale from all panelists 
of flaxseed gum (FG) beverages for three flaxseed cultivars and two extraction temperatures at 
two FG concentrations: (a) 0.50% , and (b) 1.00%. 
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8 = Extremely Acceptable; 7 = Very Acceptable; 6 = Moderately Acceptable; 5 = Slightly 
Acceptable; 4 = Slightly Unacceptable; 3 = Moderately Unacceptable; 2 = Very Unacceptable; 1 
= Extremely Unacceptable. 
 
In order to identify whether flaxseed cultivars, extraction temperature, and/or FG 
concentration would influence the overall acceptability, further statistical tests were conducted 
(Table 4.6). From Table 4.6, it could be observed that three independent factors, flaxseed cultivar, 
extraction temperature, and concentration, did not bring any significant impact to the overall 
acceptability of FG beverage (p > 0.05); the interreacting factors, Cultivar * Concentration, 
Temperature * Concentration, and Cultivar * Temperature * Concentration, did not demonstrate 
any significant effects (p > 0.05) with regards to the overall FG beverage acceptability. However, 
it is interesting to note that the interreacting factor, cultivar and extraction temperature, would 
significantly contribute to the overall acceptability (p < 0.05). This may suggest that during the 
beverage production process, picking the best combination of cultivar and extraction temperature 
would give the FG beverage better product acceptability. 
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Table 4.6 Statistical analysis of cultivar, temperature, and concentration effects on overall 
product acceptability of flaxseed gum (FG) beverage. 
Source 
Type III 
Sum of 
Squares 
df 
Mean 
Square 
F Value Sig. 
Intercept 9100.278 1 9100.278 2306.030 0.000 
Cultivar 11.706 2 5.853 1.483 0.232 
Temperature 2.844 1 2.844 0.721 0.398 
Concentration 1.344 1 1.344 0.341 0.561 
Cultivar * 
Temperature 
29.606 2 14.803 3.751 0.027 
Cultivar * 
Concentration 
1.239 2 0.619 0.157 0.855 
Temperature * 
Concentration 
0.400 1 0.400 0.101 0.751 
Cultivar * 
Temperature * 
Concentration 
9.050 2 4.525 1.147 0.322 
Error 426.2 108 3.946   
 
To further investigate the relationship between the overall acceptability and interreacting 
factor, cultivar * extraction temperature, the profiles were plotted. Figure 4.8 (a) is the profile of 
product acceptability against FG extraction temperature (60C and 80C) among three various 
flaxseed cultivars under a FG concentration of 0.50% (w/v). For CDC Glas and CDC Bethune, the 
overall acceptability increased with increasing extraction temperature from 60 to 80C. Regarding 
CDC Sorrel, the mean value of product acceptability was reduced from 5.2 to 4.6 as the extraction 
temperature went up from 60 to 80C. These results suggest that various flaxseed cultivars may 
need to have different extraction temperatures applied in order to result in better product 
acceptability. CDC Glas and CDC Bethune may exhibit better product acceptability using an 80C 
extraction temperature, whereas CDC Sorrel would produce better product acceptability with a 
60C extraction temperature. Figure 4.8 (b) shows the profile of product acceptability against FG 
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extraction temperature (60C and 80C) among three flaxseed cultivars under FG concentration of 
1.00% (w/v). Similar trends could be found here as the customer acceptability increased as the 
extraction temperature went up for the flaxseed cultivars of CDC Glas and CDC Bethune, whereas 
FG beverage made with CDC Sorrel demonstrates improved scores when the FG is extracted at a 
lower extraction temperature. 
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 (a) 
 
(b) 
 
Figure 4.8 Product acceptability of different flaxseed gum (FG) beverage formulations with FG 
extracted at two temperatures (60C and 80C) among three various flaxseed cultivars under the 
FG concentrations: (a) 0.50%, and (b) 1.00%. 
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8 = Extremely Acceptable; 7 = Very Acceptable; 6 = Moderately Acceptable; 5 = Slightly 
Acceptable; 4 = Slightly Unacceptable; 3 = Moderately Unacceptable; 2 = Very Unacceptable; 1 
= Extremely Unacceptable. 
4.7.4. Effect of Flavour Compound Addition 
Taken together, the results from sensory evaluations suggested that a FG beverage made with 
FG extracted from CDC Glas at 80C with concentration at 1.00% could be considered as the most 
popular formulation. This formulation exhibited a desirable appearance, the least taste and after-
taste intensities among all FG beverage designed, and it also had good odour and texture attributes. 
Given the assumption that an oral rehydration solution with orange flavour has superior overall 
acceptability to non-flavoured ones, the next stage of the study was to add flavour compound to 
optimize the FG beverage. In addition, a conventional oral rehydration solution product (non-
flavored) in the market was included to compare the sensory attributes with the designed FG 
beverage (with/without orange flavour). 
As shown in Figure 4.9, the scores of all sensory attributes varied between the three products. 
First, for colour desirability the conventional product is a transparent product, while the orange 
flavour FG beverage presented with a pale orange or yellowish colour. In Figure 4.9, these three 
products did not show significant differences in their color desirability. Second, significant 
differences in odour intensity were found between these three tested beverages. The conventional 
product had been rated at “Very Bland” to “Extremely bland” odour intensity level. At the same 
time, the orange flavour FG beverage exhibited higher odour intensity, which fell to “Slightly 
Intense”, while the 1.00% (w/v) CDC Glas FG beverage was in between. Third, for texture 
attributes, the conventional product made without FG, the mouthfeel was rated as 7.1 for the 
panelists, which fell into the scale between “Very Slippery” and “Extremely Slippery”. Compared 
to that, the two products with FG exhibited decreased scores in the texture attributes, which had 
scores at 5.6 and 6.2 without or with orange flavour FG beverage, respectively, but further analysis 
showed that none of these differences were statically significant. Fourth, FG beverage made with 
FG extracted from CDC Glas at 80C (1.00%, w/v) exhibited the highest score in taste intensity. 
The orange flavour FG beverage showed the same taste intensity level as the conventional product. 
Further, statistical tests revealed that there was a significant difference between CDC Glas FG 
beverage with the conventional product and orange flavour FG beverage, which suggested that the 
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orange flavour compound might help to improve the taste/flavour to the consumers. Fifth, the 
after-taste intensity of these three tested beverages were close to each other. No significant 
difference between these three groups was evident. The orange flavour one showed the lowest off 
flavour intensity, followed by 1.00% (w/v) CDC Glas FG beverage, and the conventional product 
exhibited the highest after-taste intensity. Lastly, the product acceptability of these three beverages 
were similar to each other, and they all fell into the scale between “Slightly Acceptable” and 
“Moderately Acceptable”. Further statistical tests showed that there were no significant differences 
were observed. 
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Figure 4.9 The mean value of sensory attributes of designed flaxseed gum (FG) beverage, 
conventional product, and orange flavoured beverage. Different superscripts (a, b, c) in the same 
sensory attribute category indicate statistically significant differences (p < 0.05). 
1 8 = Extremely Desirable; 7 = Very Desirable; 6 = Moderately Desirable; 5 = Slightly Desirable; 
4 = Slightly Undesirable; 3 = Moderately Undesirable; 2 = Very Undesirable; 1 = Extremely 
Undesirable. 
2 8 = Extremely Bland; 7 = Very Bland; 6 = Moderately Bland; 5 = Slightly Bland; 4 = Slightly 
Intense; 3 = Moderately Intense; 2 = Very Intense; 1 = Extremely Intense. 
3 8 = Extremely Slippery; 7 = Very Slippery; 6 = Moderately Slippery; 5 = Slightly Slippery; 4 = 
Slightly Sticky; 3 = Moderately Sticky; 2 = Very Sticky; 1 = Extremely Sticky. 
4 8 = Extremely Acceptable; 7 = Very Acceptable; 6 = Moderately Acceptable; 5 = Slightly 
Acceptable; 4 = Slightly Unacceptable; 3 = Moderately Unacceptable; 2 = Very Unacceptable; 1 
= Extremely Unacceptable. 
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5. SUMMARY AND CONCLUSIONS 
This study was designed to formulate a novel FG beverage based on the current conventional 
oral rehydration products in the market, which would give satisfactory physicochemical properties 
and sensory characteristics. According to all the properties tested, flaxseed cultivars, gum 
extraction temperature, and flaxseed gum concentration all have effects on the physicochemical 
properties of final oral rehydration beverage product. Formulations of FG beverage made with FG 
extracted at 60°C with CDC Bethune and extracted at 80°C with CDC Glas might be the better 
choices for improved appearance and mouthfeel. The sensory study suggested that FG beverage 
made with FG extracted from CDC Glas at 80C with concentration at 1.00% could be considered 
as the most popular formulation, as it exhibited desirable appearance, least taste and after-taste 
intensities among all FG beverages tested, and it also had more desirable odour and texture 
attributes. Studies on the effect of flavour compound addition showed that the additional of orange 
flavour compound, it would lower the flavour intensity of FG beverage significantly.  
The study has potential limitations. First, the method used for the detection of neutral sugar is 
limited, and can be improved using high performance liquid chromatography (HPLE) methods. 
Second, the sensory profiles and overall product acceptability of FG beverage was based on the 
sensory study of 12 semi-trained panelists, and we only evaluated adult assessment and preference 
on the oral rehydration solution. However, the assessment and preference may have potential 
differences between adults and children. Our estimates may be conservative or overestimate the 
likeness of the FG beverage. Future studies can be designed to conduct sensory evaluations in 
children.  
In conclusion, FG beverage exhibited desirable characteristics and sensory evaluation results 
suggesting that FG beverage made with FG extracted from CDC Glas at 80C with concentration 
at 1.00% (w/v) is the most accepted beverage to give satisfactory product acceptability. 
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6. FUTURE DIRECTIONS 
Flax has been used by human society for centuries due to its various applications. However, 
flax products have received recent attention as a source of new raw materials for a variety of health 
benefits. Consumers are increasingly interested in healthy foods and functional products because 
of the growing awareness of the link between diet and health. Results from this study illustrated 
the possibility of developing an oral rehydration solution with FG as a functional beverage. Further 
analysis is necessary to increase appearance and palatability of the product. Acids such malic acid 
could be added to enhance the intrinsic flavour (Reddy et al. 2016), as well as give freshness to 
the beverage (Jolicoeur 2011). Sugar and colour compound addition can also enhance appearance 
and palatability. Other major areas of investigation include product consistency, shelf stability, 
and antiviral properties of this FG addition to oral rehydration solutions. The product consistency 
evaluation can be achieved through setting standards for each testing parameter, such as yield and 
appearance, by mixing various flaxseed cultivars with different ratios and subsequent 
determination of the optimal ratio for flaxseeds cultivars mixing. The shelf-life can be tested 
through microbiological evaluation. Mesophilic aerobes, total and thermotolerant coliforms, 
Salonella sp., yeasts, and molds should be assessed during the 28 days of refrigerated storage. The 
antiviral test can be conducted on gut virus testing. Anti-HBV activities, anti-hepatitis B surface 
antigen (HBsAg) and anti-hepatitis B envelope antigen (HbeAg) could be measured by 
commercially available kit. The immunomodulatory activity can be investigated using the murine 
macrophage cell with RAW 264.7 cell model, and its antiproliferative activity against HBV virus 
can be evaluated using HepG 2.2.15 cell model systems using the colourimetric MTT assay.  
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APPENDIX A: FLAXSEED GUM (FG) SOLUTION 
 
Figure A1 Flaxseed Gum (FG) extracted from whole flaxseed at 60C (a) and 80C (b) from 3 
cultivars (from left to right on each figure: CDC Glas, CDC Bethune, CDC Sorrel). 
 
 
 
(a) (b) 
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APPENDIX B: PERMISSION TO REUSE FIGURES AND TABLES FROM 
EXISTING LITERATURE 
 
Figure B.1 Permission to reuse figure from Zuk et al. (2015). 
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Figure B.2 Permission to reuse figure from Kaewmanee et al. (2014). 
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Figure B.3 Permission to reuse figure from Liu et al. (2016). 
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Figure B.4 Permission to reuse figure from Cui et al. (1996). 
 
 
 
